INTRODUCTION
Febrile neutropenia (FN) is an oncological emergency. Despite advances in the therapy, including more effective empirical broad-spectrum antibiotics, antifungals, and granulocyte colony-stimulating factors, FN remains a therapeutic challenge. It prolongs hospital stay, increases health-care costs, and compromises chemotherapy efficacy, due to delays and dose reductions.
Bacteremia is the cause of fever in 25% of neutropenic patients. [1] The reported mortality rates vary from 5% to Babu, et al.: Febrile neutropenia pathogens isolated from febrile neutropenic patients over the past 40 years. Until the mid-eighties, Gram-negative bacilli (Escherichia coli, Klebsiella species, and Pseudomonas aeruginosa) were the most frequently isolated organisms. Among the Gram-positive cocci, Staphylococcus aureus predominated. Since then, Gram-positive cocci (coagulase-negative staphylococci [CoNS] , viridans streptococci) have been the leading cause of infections in FN. Enterococci are in majority responsible for colonization in neutropenic patients and raise the problem of resistance to antibiotics, mainly glycopeptides. [3] However, there are a few reports on the profile of infections in FN from India. [4] [5] [6] [7] Microbial etiology of FN is often unknown at the time of initiation of treatment. However, choice of empiric therapy should depend on the locally prevalent pathogens and their sensitivity patterns, risk group (high or low risk for complications), potential sites of infection, and the cost of various regimens. The Infectious Diseases Society of America (IDSA) guidelines are being followed by well-recognized treatment centers in India. [3] This study was designed to review the recent pattern of microbial flora, their susceptibility pattern, and clinical variables among bloodstream infections (BSIs) in febrile neutropenic patients with solid tumors (STs) and hematological malignancies (HM) at a regional cancer center catering to the diagnosis and treatment of cancer patients in South India. As per the institutional protocol to periodically review the antibiotic sensitivity pattern and antibiotic policy so as to curtail the development of resistance, we compared our findings with a study done in our institute in 2010 by Jacob et al. [3] 
MATERIALS AND METHODS

Patients
This was a prospective observational study conducted at a tertiary care cancer center. We analyzed the clinical and microbiological profile of BSI that occurred in adult patients (>15 years of age) with FN, diagnosed and treated for HM and ST from September 2012 to September 2014.
Blood cultures and bacteremia
Blood was sampled for cultures when the patient developed fever and prior to initiation of antibiotic therapy, absolute neutrophil count (ANC) was ≤100, and the patient had severe oral mucositis, skin/soft tissue infection, hypotension, pneumonia, and evidence of catheter-related BSI. A blood culture was considered to be positive if one or more samples yielded an organism, with the exception of CoNS, where two separate positive blood cultures were required to be considered a true bacteremia. [8] Samples that represented BSI included peripheral blood, blood drawn through central venous catheters, peripherally inserted central catheters, and catheter tip cultures from patients with an appropriate clinical syndrome. Blood samples were inoculated into BacT/ALERT blood culture bottles and incubated in the BacT/ALERT system. The bacterial isolates were identified by routine biochemical reactions. Antimicrobial susceptibility testing on isolates was performed using VITEK 2C AST cards (bioMérieux Inc., Durham, NC, USA).
Antibiotic use policy
All patients received initial empirical antibiotic therapy with cefoperazone-sulbactam as per the institutional policy. If fever persisted beyond 2 days, we switched to piperacillin-tazobactam or meropenem. In case of further deterioration of clinical status, we added tigecycline or colistin. Vancomycin or teicoplanin was added in the presence of hemodynamic instability, suspected catheter-related infection, skin and soft tissue infection, pneumonia, and severe oral mucositis. Antibiotics were modified based on the culture and sensitivity reports, if clinically indicated.
Use of antifungals
By day 5, if fever persisted despite adequate systemic antibiotics, amphotericin B (AmB) was added. Early escalation of antibiotics and administration of antifungals were done in patients with rapid deterioration prior to this point. The other indications were persistent fever despite 48 h of second-line antibiotic therapy, bronchopneumonia, extensive candidiasis involving tongue, buccal mucosa and palate, suspicion of esophageal candidiasis in patients with oral candidiasis and odynophagia, sinonasal infection -nasal discharge, nose or palatal ulceration, periorbital swelling, and maxillary tenderness. High-resolution computed tomography (HRCT) of the chest was withheld as the poor general condition of our patients forbade us from shifting them for the procedure. Serum galactomannan assay is unavailable in our institution at present. Invasive fungal infections (IFIs) were diagnosed according to the EORTC/MSG 2008 guidelines. [9] Suspected IFI was defined as fever >38°C persisting for >96 h of intravenous antibiotics without positive blood culture. [10] AmB was given as a first-line drug at a dose of 1 mg/kg/day. Second-line antifungals were voriconazole (200 mg PO twice daily) and caspofungin (70 mg infused intravenously over 1 h as a loading dose on day 1 followed by maintenance dose of 50 mg infused over 1 h daily), given in case of failure to respond to AmB, suspected or proven invasive aspergillosis (IA), or renal derangement/ severe hypokalemia due to AmB.
Statistical analysis
For outcome analysis, patients were stratified on the basis of age, gender, type of malignancy, severity and duration of neutropenia, presence or absence of hypotension, pneumonia, oral mucositis and gastrointestinal symptoms Clinical sepsis was defined as per the criteria established by the American College of Physicians and Society of Critical Care Medicine, which included temperature >38°C, heart rate >90/min, and respiratory rate >20/min.
Multi-drug resistance (MDR), extremely drug resistant, and pan drug resistant were defined as per the international expert proposal for interim standard definitions for acquired resistance by the European Centre for Disease Prevention and Control and Centre for Disease Control and Prevention. [11] 
RESULTS
From September 2012 to September 2014, 379 episodes of FN, among 300 patients, were documented. Out of these, 350 (92%) episodes occurred in patients ≤60 years and 29 (8%) occurred in those >60 years of age. About 223 episodes (59%) were documented in males and 156 (41%) in females.
Majority of the episodes were in patients with HM, namely 236 (62%), while 143 episodes (38%) were in those with ST. Among the HM, acute myeloid leukemia (AML) (25%), acute lymphoblastic leukemia (ALL) (19%), and non-Hodgkin's lymphoma (NHL) (14%) were the most common [ Table 1 ]. Among the ST, head and neck cancers (19%), followed by cancers of breast (15%) and esophagus (11%) were the most common [ Table 2 ].
We looked into the frequency of FN in acute leukemia. Out of 93 episodes in patients with AML, 56 (15%) were in those receiving induction chemotherapy. Among these, 31 were culture-positive. E. coli was the most common organism (10 isolates). About 35 (9%) patients developed FN while receiving consolidation for AML, 14 of which were culture-positive. S. aureus was the most common isolate (6 isolates). Out of 71 episodes in patients with ALL, 49 (13%) were in those receiving induction chemotherapy. Among them, 24 were culture-positive. Acinetobacter baumannii was the most common isolate (5 isolates). Seven patients (2%) developed FN while receiving consolidation for ALL, only one grew P. aeruginosa.
The median time for the development of FN postchemotherapy was day 10 (range: day 6-45) for HM and day 11 for ST (range: day 5-23). The median duration of neutropenia for HM and ST was 8 days (range: 3-60 days) and 5 days (range: 3-21 days), respectively. Hypotension was documented in 45 episodes and acute kidney injury in eight. The median nadir total count was 500/mm 3 (range 0-1600/mm 3 ), median nadir ANC was 100/mm 3 (range: 0-500/mm 3 ), median nadir platelet count was 25,000/mm 3 (range 1000/mm 3 -169000/mm 3 ), and median nadir hemoglobin was 8.2 g/dL (range: 3.8g/dL -13 g/dL).
Microbiological profile of bloodstream infection
A total of 887 blood cultures from febrile neutropenic patients were drawn. Of these, 137 (15%) yielded growth; 103 in HM and 34 in ST. Identical isolates obtained from a single patient during the same hospitalization were The contribution of various isolates is shown in Table 3 . Gram-negative organisms were isolated predominantly (58%). Overall, the most common bacterial isolates were S. aureus (25%), followed in decreasing order of frequency by E. coli (18%), A. baumannii (16%), Klebsiella pneumoniae (12%), and CoNS (9%). 
E. coli followed by
Fungal Isolates
Fungal infections comprised 2% (3/128) of isolates; two of these being Candida species and one being Trichosporon asahii.
Antibiotic sensitivity patterns of Gram-negative organisms
The antibiotic sensitivity pattern of various Gram-negative isolates is shown in Table 6 . A very high degree of resistance was noted to cephalosporins. Only 13% of E. coli, 33% of Klebsiella, and 45% of A. baumannii were susceptible to cephalosporins, whereas 75% of E. aerogenes were susceptible to cephalosporins. Among the third-generation cephalosporins, while only 39% of the isolates were sensitive to cefotaxime and ceftriaxone, 76% retained sensitivity to ceftazidime. On the other hand, 95% of A. baumannii, 60% of K. pneumoniae, and 67% of P. aeruginosa were susceptible to ceftazidime.
In overall activity against Gram-negative isolates, the beta-lactam/beta-lactamase inhibitor combinations fared better than most cephalosporins with the exception of ceftazidime. The sensitivity of cefoperazone-sulbactam and piperacillin-tazobactam was 62% and 60%, respectively. The highest resistance to this group of antibiotics was seen in K. pneumoniae isolates, with 60% being resistant to cefoperazone-sulbactam and 53% being resistant to piperacillin-tazobactam. On the other hand, E. coli, A. baumannii, P. aeruginosa, and E. aerogenes showed resistance ranging from 12 to 40%.
Amikacin had a higher overall activity against the Gram-negative isolates (78%) than most other antibiotics with the exception of colistin and tigecycline. More than 80% isolates of E. coli, A. baumannii, E. aerogenes, and 100% of P. aeruginosa were susceptible to Amikacin. The highest resistance to this antibiotic was seen in the K. pneumoniae group, with 40% being resistant.
Among the quinolones, ciprofloxacin showed poor efficacy against most of the Gram-negative isolates, especially the E. coli and P. aeruginosa. However, it is noteworthy that nearly 93% of the K. pneumoniae isolates were sensitive to ciprofloxacin.
Imipenem and meropenem demonstrated more than 70% efficacy toward the Gram-negative isolates. None of the isolates of P. aeruginosa and E. aerogenes were resistant to meropenem. However, resistance to carbapenems was emerging with nearly 40% of strains of A. baumannii and K. pneumoniae showing resistance.
Antibiotic sensitivity patterns for Gram-positive cocci
The antibiotic sensitivity pattern for Gram-positive cocci is shown in Table 7 . No resistance was noted in our study to these three antibiotics. However, high degrees of resistance (>50%) to ciprofloxacin and erythromycin were noted, especially among the Staphylococcus species. Methicillin resistance was demonstrated in 31% of S. aureus isolates. None of the CoNS isolates were resistant to methicillin.
Response to antibiotics
All patients received initial empirical antibiotic therapy with cefoperazone-sulbactam. In our study, meropenem was used in 77 episodes (20%), vancomycin in 62 (16%), piperacillin-tazobactam in 58 episodes (15%), and amikacin in 145 (38%). Imipenem, teicoplanin, linezolid, colistin, and tigecycline were used in 36 (10%), 14 (4%), 10 (3%), 3 (0.8%), and 2 (0.5%) of episodes, respectively. Colistin was used in three episodes in the setting of induction chemotherapy for AML. It was initiated empirically when the patients continued to be febrile despite receiving meropenem and antifungal therapy. The blood cultures were negative in all instances.
Invasive fungal infections
Antifungals were used in 126 episodes (33.2%). There were 18% possible, 14% suspected, 0.8% proven, and 0.5% probable IFI. Of the proven IFI, there were two episodes of candidemia, one in a patient receiving first Table 8 . Prolonged neutropenia, profound neutropenia, hypokalemia (<3.5 mEq/L), hypotension, and presence of pneumonia were significantly associated with mortality in our study.
DISCUSSION
Periodic assessment of pattern of infections and antibiotic sensitivity plays a vital role in modulating anti-microbial policy so as to reduce infection-related morbidity and mortality. In a previous study from our institute by Jacob et al., [3] in the year 2010, when empirical antibiotics used as a part of institutional protocol were a combination of ceftazidime and amikacin, it was found that the sensitivity to ceftazidime and amikacin was 50% and 83%, respectively. This prompted us to switch over to cefoperazone-sulbactam, which was more efficacious with an overall sensitivity of 83%. In the present study, we wanted to determine the predominant isolates causing BSI in patients with FN and their antibiotic sensitivity patterns. We also investigated the clinical, biochemical, and microbiological factors associated with mortality and their significance. Indian data on FN have largely been on patients with HM. [4] [5] [6] [7] This prospective, observational study included febrile neutropenic patients of HM and ST. In this study, we found that FN episodes were more frequent in patients with HM. Out of 164 FN episodes in patients with acute leukemia, 105 (64%) were in those receiving induction chemotherapy. This is similar to the data published by Jagarlamudi et al. [12] Gram-negative bacilli were the predominant cause of infections in FN at our center. A rising incidence of Gram-positive bacteremia in febrile neutropenic patients has been reported over the past three decades, especially from the developed countries. [13] [14] [15] This has been attributed to the increasing use of indwelling venous catheters, oral fluoroquinolone prophylaxis, use of aggressive anti-neoplastic regimes causing severe oropharyngeal mucositis and bowel damage, and H2 receptor blockers. [16] In our study, 57% episodes were associated with an indwelling catheter. Predominance of Gram-negative bacilli in FN has been well established by several studies done in India and other developing countries. [5] [6] [7] [17] [18] [19] Our study reinforces this clinical and microbiological data and also demonstrates that the accepted trend in the switch to Gram-positive cocci in febrile neutropenic patients may be the phenomenon noted only in the developed countries.
As per our institute isolates, we have noted a changing trend in the antibiotic sensitivity pattern over the years [ Table 9 ]. It is noteworthy to observe a significant reduction in the sensitivity to several antibiotics over time. Following the switch in empirical antibiotics based on the results of the study by Jacob et al., [3] the activity of the primary agent cefoperazone-sulbactam dropped. Similar significant reduction in susceptibility was noted for piperacillin-tazobactam, imipenem and meropenem. On the contrary, a marked increase in sensitivity to ceftazidime was noted. It was the empirical antibiotic of choice in combination with amikacin in the previous antibiotic regimen and was discontinued from use from 2012 after the results of the previous study were analyzed. The activity of amikacin remained almost the same. We found this changing trend very interesting, re-emphasizing the need for antibiotic cycling, which has been suggested as a method for decreasing antibiotic resistance. [20] Considering the results of the present study, we have reverted to ceftazidime and amikacin as the empirical antibiotics for FN. We also observed that colistin and tigecycline were not spared; with nearly 30% of isolates of A. baumannii and P. aeruginosa having shown resistance to colistin and 20% of K. pneumoniae and 100% of P. aeruginosa being resistant to tigecycline. In our study, the most active antimicrobial agent against E. coli and K. pneumoniae was colistin and [6, 18, 21] This highlights an increase in the resistance to third-generation cephalosporins, which are used in empirical therapy of FN.
S. aureus continued to be the predominant Gram-positive isolate at our institute. Fortunately, vancomycin, linezolid, and teicoplanin continued to be 100% effective, confirming the results of the study by Jacob et al. [3] This was attributed to the judicious use of these antibiotics. However, there was a significant resistance to erythromycin and ciprofloxacin, the most resistant isolate being S. aureus.
Although the occurrence of MRSA was lower in our study as compared to similar studies from other institutes in India, [22] it was higher than that reported by Jacob et al. [3] None of these strains were vancomycin-resistant. This reinforces the fact that strict regulation of the use of vancomycin must be practiced in the areas of low prevalence of MRSA, and its indiscriminate use must be avoided.
The incidence of fungal infections in our study is similar to that reported by Ghosh et al. [23] The rising trend has been attributed to large scale construction in the vicinity of hospitals and use of intensive regimen with prolonged and severe neutropenia. [7] Construction work was in progress in our institute at the time of this study, and we had one case of pulmonary aspergillosis (probable IFI). Extensive use of prophylactic antifungals results in the development of resistance. Hence, we have reserved prophylactic fluconazole for those receiving FLAG-IDA and HyperCVAD for relapsed acute leukemia and high-dose chemotherapy in ASCT. Definitive diagnosis was rarely achieved due thrombocytopenia and difficulty in performing invasive procedures such as FNAC and biopsy in critically ill patients. We are considering the implementation of serum galactomannan assay to aid in the diagnosis of IA and monitor the duration of antifungal therapy.
The mortality rate of 11% in our study is comparable with other published data. [23] Prolonged and profound neutropenia, hypokalemia, hypotension, and pneumonia were associated with mortality. Judicious selection of firstand second-line antibiotics, prompt initiation of antifungal therapy, aggressive correction of dyselectrolytemia, and hypotension will help improve outcomes.
CONCLUSION
This single-center experience emphasizes the fact that every institute must have a periodic assessment of the clinical variables, microbial data, and mortality in FN. This should form the basis of a regular revision of antibiotic-prescribing policy to combat the growing menace of antibiotic resistance and avoid irrational use of antibiotics. In our experience, ceftazidime + amikacin or cefoperazone-sulbactam is the reasonable option for first-line therapy. AmB is a good option for empirical antifungal therapy. Careful selection of antibiotics considering the clinical features and treatment details of each patient and early institution of antifungals, whenever there is a high index of suspicion of IFI, may reduce the morbidity and mortality.
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